Osmotic treatment and vacuum impregnation have been tried as possible methods to put fructooligosaccharides (FOS) into pears, getting a new functional canned fruit. Vacuum impregnation changes the texture of pears, becoming those pears softer than not treated pears. This change was resolved adding calcium into the impregnation medium. FOS were able to enter into pears with the two treatments and keep stable their concentration during two months of storage period at ambient temperature (22 ± 2ºC) after canning. The best retention of FOS (61%) was for the osmotic treatment. The concentration of FOS in the canned pears and the corresponding syrup was up to 14 times higher using the osmotic treatment than the vacuum infiltration. Furthermore, sensory properties of treated pears containing FOS after two months from canning were similar to sensory properties of not treated canned pears, since FOS do not contribute to the sweetness of the canned pears. These results indicated that canned pears rich in FOS have potential to be a new functional food that can be produced at industrial level.
INTRODUCTION
Fructooligosaccharides (FOS) are fructose oligomers and may be classified into two main groups, such as inulin with β (2-1) linkages and levans with β (2-6) linkages (Li et al., 2015) . FOS were mainly identified as 1-kestose, nystose, and 1 F -fructofuranosylnystose (Nobre et al., 2018; Hidaka et al., 1986; Bornet et al., 2002; Gibson, 2004; Kumar et al., 2018) . Furthermore, FOS have a low sweetness intensity, are calorie free, are not cariogenic and decrease the levels of serum cholesterol, phospholipids and triglycerides (McKellar and Modler, 1989; Sugizaki and Naves, 2018) . FOS have high stability, since the FOS retention in acidic foods (pH 3.5) treated at 95ºC is higher than 95% (Vega and Zuniga-Hansen, 2015) . Due to these properties and having in mind the current concern about a healthy diet, it is interesting to add FOS to food, obtaining then a prebiotic/functional food.
The addition of novel functional ingredients such as probiotics and prebiotics to different kind of food, such as bread (Korus et al., 2006; Frutos et al., 2008) , cookies (Ayyappan et al., 2015) and fruit juices (Vidal Fonteles and Rodrigues, 2018) is still a recent development.
To manage to add these functional ingredients into a solid, in this case into a pear, it can be used the osmotic treatment for canned pears and the vacuum impregnation for pears to be canned. During the osmotic process (Torreggiani and Bertolo, 2001) , there are two major simultaneous countercurrent flows due to water and the osmotic solute activity (Torreggiani and Bertolo, 2001; Rastogi et al., 2004) , and in the infusion of phenolics into fruits and vegetables (Rózek et al., 2010) . On the other hand, vacuum impregnation of a porous product consists of exchanging the internal gas or liquid occluded in open pores for an external liquid phase due to the action of hydrodynamic mechanism (Betoret et al., 2003) . It has been applied to introduce vitamins in apples (Yanyun et al., 2005) and antibrowning agents into pears (Pérez-Cabrera et al., 2011) .
The objectives of this work were to compare the osmotic treatment and the vacuum impregnation as the treatments to obtain halves of peeled pears enriched with fructooligosaccharides, and to evaluate the stability of the fructooligosaccharides in the canned pears during two months of storage.
MATERIALS AND METHODS

Materials
Raw pears (Pyrus communis L., Blanquilla variety, pH 4, 12 ºBrix) were purchased at a local supermarket and stored at 4ºC until use. The day of the treatment, each fruit was hand peeled, cut into two halves and the seeds were removed. They were put for 15 min into a bath with citric acid and ascorbic acid, both acids at 1 g/l, to avoid browning process.
Citric acid and sucrose were of food degree. Pasteurized natural lemon juice (acidity 5.5% anhydrous citric acid, 8.0 ºBrix) was provided by Tana S.A. (Los Ramos, Murcia, Spain). FOS (Oligofructose from inulin) were provided by Orafti (Tienen, Belgium).
Design of the treatments
The so called osmotic treatment consist that fructooligosaccharides were initially in the syrup of the can and due to their absence in the pears, it is expected that fructooligosaccharides will enter in the pears until the equilibrium between pears and syrup is reached, while in the so called vacuum impregnation, the fructooligosaccharides are in an impregnation solution which by vacuum application will be introduced in the halves of the peeled pears, enriching them with the fructooligosaccharides. Later on, the pears are canned in syrup without fructooligosaccharides. Then, it is expected that fructooligosaccharides will exit from the pears to the syrup, until the equilibrium between pears and syrup is reached.
Osmotic treatment of the canned pears
For the osmotic treatment two different syrups were prepared. One of them contained 80% w/w of water, 20% w/w of sucrose, and 0.2% w/w of citric acid (E-330). The other one was prepared with 4.2% w/w of pasteurized natural lemon juice, 19.7% w/w of sucrose and 76.2% w/w of water. Final concentration of soluble solids in both syrups was 20 ºBrix.
A number of six batches were prepared with six cans per batch (n=6). The first one contained peeled pears in halves, syrup with citric acid as mentioned above and no FOS. The second one contained peeled pears in halves, syrup with citric acid as mentioned above and FOS (9.1% w/w).
The third one was prepared only mixing syrup with citric acid as mentioned above and FOS (9.1%, w/w). Batches number four, five and six were prepared like the first three but with lemon juice as acidifying agent, instead of citric acid, into the syrup as mentioned above. Cans were filled with peeled pears in halves (around six halves per can), being the drained weight between 250 and 270 g. Then, cans were filled with the hot syrup containing the citric acid and FOS, if any, to the upper brim and finally they were closed and sterilized (procedure of canning as mentioned below for all the canned pears).
Canned pears were stored during two month at room temperature (22 ± 2ºC) before their analysis, avoiding direct sunlight.
Previous vacuum treatment with calcium
For the impregnation of calcium by vacuum treatment of the still not canned half pears, previously, five different concentrations of calcium were tested to determine the best one for pear texture. Concentrations tested were 0 (control), 50, 100, 200 and 500 mg of calcium/l of impregnation medium. These concentrations of calcium were obtained adding CaCl 2 into the water. The impregnation medium contained CaCl 2 , 9.1% (w/w) of FOS and citric acid as mentioned above. In each experiment the pears were placed in a metal vacuum camera, and when a vacuum of 70 mbars was reached, then the impregnation medium (calcium, FOS and citric acid) was introduced through a breaking-vacuum valve until atmospheric pressure was restored. Each group of halves pears was weighed before and after vacuum impregnation. Then texture (see below) was measured in order to select the concentration of calcium that better preserves the texture of the pears to be canned.
Vacuum treatment with calcium and FOS of the pears to be canned
Once the best concentration of calcium was established according to texture preservation of the pear halves, the batch of pears was impregnated to be canned. The impregnation medium contained CaCl 2 (200 mg of calcium/l), 9.1% (w/w) of FOS and citric acid as mentioned above, following the procedure of impregnation also mentioned above, and the procedure of canning as mentioned below for all the canned pears.
Canned pears were stored during two month at room temperature (22 ± 2ºC), avoiding direct sunlight. Sampling for analysis was done at 3, 20, 35 and 60 days of storage of the different batches.
Processing and canning
The format of the cans used was 0.5 kg. The cans were filled (approx. 260 g) with the treated pears (osmotic treatment or vacuum impregnation), adding the corresponding hot syrup (95ºC, approx. 170 g) according to each different treatment as mentioned before. Then, the filled cans (60ºC) were closed in a manual metal-can seamer and quickly, they were sterilized by immersion in hot water (95ºC for 15 min). The cans were cooled by immersion in water (15ºC) at the exit of the sterilizer. Finally, the cans were dry with paper and stored at room temperature (22 ± 2ºC) avoiding direct sunlight, untill sampling.
Sugars analysis
Sugars determination was carried out by High-Performance Liquid Chromatography (HPLC), using a CHO-682 column (30 cm x 7.8 mm; Transgenomic, San Jose, CA, USA) and refractive index detection. Pure sugars from Merck (Darmstad, Germany) were used as external standards for calibration. More details on sample preparation and HPLC analysis were published previously (Hellín et al., 2001) .
Texture measurement
Texture values were obtained with a handheld Bertuzzi penetrometer (Effegi, Italy), scale 0-5 kg/cm 2 .
Statistical analysis
The content of FOS and calcium concentration was considered as treatments for osmotic treatment and vacuum infiltration. The effect of the treatment on sugars concentration and texture was determined by one-way ANOVA. LSD's homogeneity means test (P<0.05) was used. The statistical computer program used was Statistix 8 for Windows (Analytical Software, Tallahassee, FL, USA). All the experiments were made at least in duplicate, the samples analyses in triplicate, and the batch of canned pears was of n=6 cans.
RESULTS AND DISCUSSION
Osmotic treatment
The Table 1 shows the composition of sugars (mg/100 g) in pears and syrup after two months of storage, for the osmotic treatment, in six different batches. The most important result is the fact that being initially FOS only in the canning syrup, after two months (probably also after one month, but sampling of the different batches was after two months) FOS were in the canned pears (1401 mg/100 g) and in the syrup (1357 mg/100 g). These concentrations of FOS were higher in the batches using natural lemon juice instead of citric acid: pears (2231 mg/100 g) and syrup (2083 mg/100 g). We have no explanation to the differences between batches acidified with citric acid and batches acidified with natural lemon juice, since the acidity of the syrups was rather similar, around 0.2 % w/w of anhydrous citric acid, also the amount of added FOS, and all cans were processed and sterilized in the same conditions. The aspect (Fig. 1 ) of the canned pears in halves enriched in FOS coming from the syrup with citric acid (the so called osmotic treatment), after two months of storage, is the typical of canned pears.
Comparing the concentration of FOS between the initial syrup (9.1% w/w) and the syrup and canned pears (batches 2 and 5) two months after canning (Table 1) , the retention of FOS was up to 61%, considering 170 g of initial syrup and 430 g of final net weight of the can. There was a missing FOS of 39%. The FOS must suffer a hydrolysis that produces fructose, starting at the heating of the syrup to 95ºC (to be added to the can containing the pears) and continuing with the sterilization treatment (95ºC for 15 min). The hydrolysis should not be very intense in the presence of pears (batches number 2 (2003) determined that cooking or pasteurization are not responsible of the fructooligosaccharide loss, and the FOS retention in acidic foods (pH 3.5) treated at 95ºC is higher than 95% (Vega and Zuniga-Hansen, 2015) .
The same happens with sucrose. It has been partially hydrolyzed into glucose and fructose, increasing the amounts of these. It is also necessary to consider the sucrose, glucose and fructose initially provided by the fresh pears. Hudina and Stampar (2000) reported in fresh pears (Pyrus communis L. cv. Williams) the content of sucrose (445 mg/100 g), glucose (1456 mg/100 g), fructose (4463 mg/100 g) and sorbitol (1754 mg/100 g).
Considering the content of sucrose of the batches 2 and 5 (Table 1 ) and the content of sucrose of the fresh pears, then the retention of the sucrose was up to 41%.
Fructose was the sugar which reached the highest concentration in all batches which had pears and syrup (number 1, 2, 4 and 5), between 9211 and 6097 mg/100 g. On the contrary, inositol reached the lowest values, between 131 and 21 mg/100 g. As it can be observed in Table 1 , in two months each sugar reached concentration equilibrium between pears and syrup, except for xylose and galactose. Although pears have xylose and galactose, these sugars were not detected in pears, but they do in syrup. This result suggests that all xylose and galactose come off pears and stay in the syrup, not reaching sugars concentration equilibrium. In spite that xylose and galactose did not reach concentration equilibrium, total sugar concentration did. This result shows that individual sugar concentration equilibrium is not necessary to reach the whole sugar equilibrium.
It is not possible to go further in the discussion of these results with those of other authors, since previously, nobody has done a work similar to this, neither in pears, nor in other canned fruits, although the idea has already been developed in other foods, such as juices (Vidal Fonteles and Rodrigues, 2018) , and mainly bakery products such as bread (Korus et al., 2006; Frutos et al., 2008) and cookies (Ayyappan et al., 2015) . These last authors indicate a retention of the prebiotic xylooligosaccharides in the cookies relatively high (74%), and higher that the retention of fructoligosaccharides (61%) in the canned pears (osmotic treatment). This indicates the effect of a solid or liquid system and baking and sterilization temperatures, respectively, apart from the fact that an oligoxylose is not the same as an oligofructose.
Several authors have studied the osmotic treatment in different fruits (Torreggiani and Bertolo, 2001; Rastogi et al., 2004; Rózek et al., 2010) . They determined that the mass transport in osmotic treatment is a combination of simultaneous water and solutes transfer process. Furthermore, the equilibrium distribution of water and solids is influenced by temperature, syrup concentration, porosity of food material, specific surface area of food pieces, among others.
Texture changes in canned pears after two months (batch 1 P: 2.0±0.1 kg/cm 2 ) of storage presented statistically differences (P<0.05) with initial texture values of the fresh pears (4.6±0.3 kg/cm 2 ). This result indicates that the canning process cause a change in the texture of pears. This softening is due to partial degradation of the pectic polysaccharides of the fruit cell-wall (Bourne and Comstock, 1986; Missang et al., 2011) . In general, the industrial processing of fruits and vegetables, with heat or cold treatments, affects their texture (González Hidalgo et al., 2019) .
Vacuum impregnation
As an alternative to osmotic treatment, vacuum impregnation to introduce FOS into pears was tried. After a first vacuum treatment we notice that the texture of the pears has changed quite a lot. The pears were soft and visually they were not appetizing. Vacuum infiltration provokes not only the exchange of internal gas or free liquid in the pores for external liquid, but also changes in the pore volume (Nowacka et al., 2014) . Furthermore, the texture quality of vacuum impregnation processes products is significantly related to the type of vacuum impregnation solutions used (Martínez-Monzó et al., 1998) , To solve this problem of texture loss in the pears enriched with FOS to be canned, different quantities of calcium were added to the impregnation medium: 0 (control), 50, 100, 200 and 500 mg/l. As the Table 2 shows the only calcium concentration which it was obtained statistically significant differences with the control was 200 mg/l. This was the calcium concentration chosen to be added to the impregnation medium. After vacuum impregnation with 200 mg/l of calcium concentration, 9.1 % (w/w) of FOS concentration and citric acid, cans were closed and processed. After 3, 20, 35 and 60 days, cans were opened.
As Table 3 shows after 3 days of storage, all sugars almost reached composition equilibrium. After 20 days, all sugars reached composition equilibrium.
In pears, final concentration (Table 1) of FOS and fructose after osmotic treatment (2231 and 7471 mg/100 g, respectively) was higher than final concentration (Table 3) of the same sugars after vacuum impregnation (FOS 164 mg/100 g and fructose 5659 mg/100 g). This result clearly indicates that the vacuum impregnation as a procedure for introducing the FOS into the pear halves and then canning them results in a very low concentration of FOS in the canned fruit, which is a disadvantage compared to the osmotic treatment, which produces a FOS concentration up to 14 times higher.
On the other hand, sucrose final values (two months) were higher after vacuum impregnation (4719 mg/100 g) than after osmotic treatment (2125 mg/100 g). Final concentrations of glucose and sorbitol did not present significant differences between both treatments. In syrup, final concentration of FOS and fructose after osmotic treatment (1357 and 8738 mg/100 g, respectively) was higher than final concentration of the same sugars after vacuum impregnation (FOS 109 mg/100 g and fructose 5510 mg/100 g). On the other hand, sucrose final values were higher after vacuum impregnation (3801 mg/100 g) than after osmotic treatment (1978 mg/100 g). Final concentrations of glucose and sorbitol did not present significant differences between both treatments.
It is not possible to go further in the discussion of these results with those of other authors, since previously, nobody has done a work similar to this, neither in pears, nor in other canned fruits, although the idea has already been developed in other foods, as mentioned above for the osmotic treatment.
processing and during the storage time of the canned pears, in both the pears and the syrup. Thank to this stability it is possible to get prebiotic canned pears (enriched with FOS) with the same sensory properties than canned pears without any prebiotic compound, since FOS do not contribute to the sweetness of the canned pears. These results indicated that canned pears rich in FOS have potential to be a new functional food that can be produced at industrial level.
